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ABSTRACT

Sitophilus zeamais is a major storage pest of maize causing both quantitative and qualitative losses. The
use of synthetic insecticides poses health and environmental hazards, necessitating the evaluation of plant-
based alternatives. This study evaluated the insecticidal efficacy of neem Azadirachta indica leaf, seed
and bark extracts against S. zeamais and determined their effects on the proximate and mineral
composition of maize. Crude ethanolic extracts of neem leaf, seed and bark were prepared and tested at
10, 20, 30, 40 and 50 g/ml. Twenty adults of S. zeamais were introduced to 400g of free-pests maize.
Mortality was recorded at five weeks after treatment. Proximate and mineral compositions of uninfested
and infested maize and phytochemical composition of neem parts were determined using standard AOAC
methods. Mortality was concentration-dependent for all extracts. leaves extract was the most toxic with
78.0% mortality at 40 g/ml, followed by seeds extract with 65.0% and leaf extract with 48.0%. 100%
mortality was achieved at 50 g/ml for bark, seed and bark extracts. Infestation significantly reduced the
nutritional quality of maize. Protein and carbohydrate decreased from 7.50% to 5.11% and 75.10% to
60.90% respectively. Potassium, calcium, iron, copper and zinc decreased from 381.3, 211.5, 29.0, 6.0 and
14.6 mg/100g to 302.5, 196.7, 19.0, 4.1 and 12.1 mg/100g respectively. Ash, crude fibre and moisture
contents increased after infestation. Phytochemical screening showed neem leaves contained 11.35%
alkaloids, 13.13% triterpenoids and 3.80% flavonoids; seeds had 10.50% alkaloids and 26.50%
carbohydrate; bark had 10.82% tannins and 9.03% glycosides.
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INTRODUCTION

Stored grains are heavily damaged by insect pests. These pests cause damage to stored grains resulting in
both qualitative and quantitative losses (Taddese et al., 2024). The main reason behind the occurrence of
stored grain pests is the presence of favorable climates for their growth and survival. At various
processing stages of grains, i.e., during the process of development and maturation of seeds, processing in
threshing yards, during transmission of seeds, or storage large number of insect pests gain access to stored
grains. Some pests start damaging the seeds at the ripening stage and continue during storage. Old bags,
storage structures, old containers are the major source of infestation (Singh, et al., 2018).

The dispersal and distribution of stored grain pests are caused by the movement of grains from one area to
another either by a passive or active flight of pests as some a dult insects possess strong flight. Almost one
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thousand species are stored grain pests of different stored products all around the world. The majority of
stored grain pests belong to two orders, i.c., Coleoptera and Lepidoptera (Ahmad et al., 2021).

Stored grain pests possess a serious threat to dried, stored, durable and, perishable agricultural products
and non-food derivatives of agricultural products worldwide. Stored grain pests cause serious postharvest
losses, almost 9% in developed countries to almost 20% or more in developing countries (Pei et al.,
2018), besides, they also cause contamination of food products by the presence of various live insects,
insect products like chemical excretions or silk, dead insects or some other storage structures. Almost 8§—
10%, that is, 13 million tons of grains lost due to insects and 100 million tons due to failure to store
properly is estimated in stored food products all around the world. Pests such as various insects,
pathogens, mites possess serious threats and cause severe damage to grains by producing certain
enterotoxins and mycotoxins (Islam et al., 2024)

MATERIALS AND METHODS

Study Area

The study was carried out in Nasarawa State Nigeria located in North Central Region. It lies between
latitude 7° 45' and 9% 25' North of the equator and between longitude 7°and 9°37' East of the Greenwich
Meridian. Nasarawa state has a total land area of 27,137.8sqkm and is bounded to the east by the States
of Taraba and Plateau, to the north by Kaduna State, to the south by the states of Kogi and Benue and to
the West by the Federal Capital territory (Nasarawa Geographic Information Service, 2026).

Sample Collection

Sample of infested maize grains sold in Masaka market, Karu Local Government Area of Nasarawa state
were procured randomly from selected traders. Ten kilograms of the maize were obtained within the
sampling period in labeled polythene bag, and were taken to zoology laboratory Department, Nasarawa
State University, Keffi. Maize sample were sieved so as to recover all emerged insect pests, thereafter,
species of Sitophilus zeamais were carefully harvested for the purpose of incubation in order to obtain a
pure breed for later reinfestation. Grain for the incubation was obtained from the stock samples procured.
400g of maize were introduced separately in 75cl capacity kilner jar to which 10 pairs of adult Sitophilus
zeamais were introduced for oviposition for one week, and then removed to allow the eggs hatch. The
samples were observed daily until emergence of F1 progenies. The newly emerged insects at maturity
were later reintroduced into the pest-free maize grains, and were divided into fifteen portions of 500g;
then neem extracts, the leaves, seeds and the bark pellets were introduced at 10g/ml, 20g/ml, 30g/ml,
40g/ml and 50g/ml respectively. The experimental conditions were at 60 + 10% RH, 26 + 2 °C, and 12:12
L:D.

Plant Collection

This plant depends on the ethnobotanical knowledge. Neem tree with low seeds bearing branches were
drawn, the seeds released into the sheets, fresh leaves were cut in a vertical slit from top to bottom, and
bark were cut deep into the wood trunk using knife/cutlass and was taken for analysis as described by
(Santos et al., 2018).

Phytochemical screening of neem Extracts using Thin Layer Chromatography (TLC).

The three parts of neem extracts (leaves, seeds and bark) was screened for Alkaloids, Phenols, Flavonoids,
Carbohydrates, Tannin, Terpenoid, Triterpenoid, Glycosides, Resins and Phlobatannin. This was done by
dissolving the organic and aqueous extracts in chloroform and methanol (1:1) using capillary tubes, spots
of the dissolved extracts will be made on the base line of the aluminum TLC plates. The plates will be put
in a chamber containing appropriate chromatographic solvent system (mobile phases) specific for the
determination of the presence of a given class of phytochemical constituents (Santos et al., 2018).
Pelletization of the neem extracts

The plant extracts powder were sieved at 0.0007mm, and weight 19g at 2:1 binder for seeds, 27g at 1:1
binder for leaves and 20g at 1.05g binder for bark, and was thoroughly mixed with excipient and binders
to create a uniform blend, the blended mixture is then granulated using a wet granulation process. The
extrusion of the granulation were forced through an extrusion screen to form cylindrical extrudates, which
are further broken up and rounded into pellets using a spheronizer, and then dried using a fluid bed dryer.
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Proximate Sample preparation

Sample preparation was conducted based on the procedure reported by Akhila and Rani (1999).
Determination of mineral compositions

The wet oxidation method was employed in the digestion of the samples (Saidu et al., 2013). During
analysis, 2g of each sample and 100 mL concentrated nitric acid (HNO3) were placed in a 400 mL beaker,
swirled, and allowed to react for 10 min, then evaporated on a hot plate and allowed to cool. Then, 50 mL
conc. HNO3 and 10 mL of per-chloric acid (HCLO4) was added and evaporation continued until the
sample was completely ash (grey in color). The digest was then transferred to a 100 mL volumetric flask
and diluted to the mark with deionized water. Buck Scientific Model Atomic Absorption
Spectrophotometer (AAS, Model 210VGP) was used for the analysis of Fe, Cu, Zn, Ca, and K.

RESULTS AND DISCUSSIONS

Quantitative and Qualitative phytochemical Analysis of Neem extracts

The phytochemical screening of Azadirachta indica_ revealed the presence of several bioactive
compounds in both leaf and bark that are responsible for insecticidal activity.Neem leaves contained
11.35% alkaloids, 22.90% carbohydrate, 22.90% flavonoids, 3.62% phenols 3.12% terpenoids, and
13.13% triterpenoids. The high percentage of alkaloids and triterpenoids, especially azadirachtin which is
a triterpenoid, explains the strong antifeedant and growth regulatory effects observed against Sitophilus.
zeamais and Callosobruchus. maculatus. Phenols and flavonoids also contribute antioxidant and repellent
properties. This agrees with Akhila and Rani (1999) who reported alkaloids, flavonoids and terpenoids as
major bioactive constituents of neem leaf. Neem bark had 3.80% flavonoids 10.82% tannins, and 9.03%.
glycosides. The relatively high tannin content suggests strong astringent and antinutritional properties that
can interfere with insect digestion and enzyme activity. Glycosides are also known to be toxic to storage
pests. Similar results were reported by (Maina et al., 2021) who found tannins and glycosides in high
concentration in neem bark.5.5580 Phlobatannins, and 26.50% carbohydrate were also detected in the
leaf.

Table 1; Quantitative and Qualitative phytochemical Analysis of neem extracts

Seeds Leaves Bark
Parameters Qltive Qntive Qltive Qntive Qltive Qntive
Alkaloid + 10.50% + 11.35% -
Carbohydrate + 26.50% + 22.9% -
Flavonoid - + 3.80% + 3.80%
Phenol +  3.62% +  3.62% -
Tannin - - + 10.82%
Terpenoid - + 3.12% -
Triterpenoid - + 13.13% -
Resins - - -
Phlobatannin +  5.5580ppm - -
Glycosides - - +  9.03%

Mean Mortality rate of Sitophilus zeamais exposed to neem leaves extract for five weeks

Table 2, present the mortality rate of Sitophilus zeamais exposed to neem leaves extract. It was observed
that Sitophilus zeamais showed mortality at higher doses of neem leaves extract. At 50g/ml concentration,
mortality rate was significantly greater than 40g/ml concentration and the trend continued to 10g/ml as
the week’s progresses from week one to five. A hundred percent mortality was recorded only at 50g/ml of
the neem leaves extract from week one to five. Neem leaves which contain the highest insecticidal
compound records high Sitophilus zeamais mortalities at lowest concentration compared to that of seeds
and bark. This shows that the leaves pellets offers good grains protective activity than seeds and bark.
This contrast (Souza et al., 2020) who reported the highest repellents against Sitophilus zeamais from
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neem seeds extract followed by leaves and bark. This could be or result from the different soil
composition and weather conditions between these two extremes where these studies were carried out.

Table 2: Mean Mortality rate of Sitophilus zeamais exposed to neem leaves extract for five weeks
Concentration No. of Mortality

(g/ml) weevils  wk1 wk 2 wk 3 wk 4 wk 5_ Total % Mortality
10 20 20 20 20 20 20 100 25.0

20 20 20 20 20 20 20 100 33.0

30 20 16 15 13 7 2 53 48.0

40 20 7 6 00 00 00 13 88.0

50 20 00 00 00 00 00 00 100

Total 100  63(23.7) 61(22.9) 53(19.9) 47(17.7)  42(15.8) 266

Mean Mortality rate of Sitophilus zeamais exposed to neem Seeds extract for five weeks For the
neem seeds in table 3, Sitophilus zeamais also recorded high mortality at relatively higher concentration
compared to the leaves extract. This implies slight disperative from bioactive composition compared to
that of the leaves, with fewer mode of action working together. This aligned with (Agbo et al., 2020) who
reported neem seed with high Sitophilus zeamais mortality at relatively higher concentration compared to
the leaves extract at lower concentration. This consistency could be linked to proximity of the study areas
where these research works were carried out in terms of climatic conditions where these plants were
extracted.

Table 3: Mean Mortality rate of Sitophilus zeamais exposed to neem Seeds extract for five weeks

Concentration No. of Mortality
(g/ml) weevils wk1 wk2 wk 3 wk 4 wk 5 Total % Mortality
10 20 20 20 20 20 20 100 0.00
20 20 20 20 20 20 20 100 31.0
30 20 18 15 12 11 3 59 45.0
40 20 11 10 5 3 00 29 78.0
50 20 00 00 00 00 00 00.0 100
Total 100 69(23.9) 65(22.6) 57(19.8) 54(18.8) 43(14.9) 288

Mean Mortality rate of Sitophilus zeamais exposed to neem Bark extract for five weeks

Table 4, presents the mean mortality of Sitophilus zeamais exposed to neem bark extract for five weeks. It
was found that Sitophilus zeamais showed mortality only at the peak of the concentration 50g/ml of neem
bark extract with no mortality recorded at 40g/ml down to 10g/ml from week one to five. Sitophilus
zeamais mortality was recorded at the peak of the concentration, which indicates that, the extracts contain
relatively lower/fewer insecticidal compounds compared to the other parts of the neem. This findings
agreed with (Souza et al., 2020) who reported that neem bark has not recorded repellants properties
against Sitophilus zeamais. This could be that the neem bark extract contained very low insecticidal
property as shown in the phytochemicals analysis.
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Table 4: Mean Mortality rate of Sitophilus zeamais exposed to neem Bark extract for five weeks

Concentration No .of Mortality

(g/ml) weevils wk1l wk2 wk 3 wk4  wkS$S Total % Mortality
10 20 20 20 20 20 20 100 0.00

20 20 20 20 20 20 20 100 0.00

30 20 20 17 14 12 11 74 29.0

40 20 12 11 6 4 2 34 65.0

50 20 00 00 00 00 00 00.0 100

Total 100 72(23.4) 68(22.1) 60(19.5) 56(18.2) 53(16.9) 308

Proximate composition (%) recorded in the maize grains

The table 5, presents the proximate composition of maize before and after infestation. Ash content
increased from 1.50 £ 0.11% to 2.00 + 0.01% after infestation. This increase may be attributed to the
deposition of insect frass; exuviae and body parts in the grain, which raises the mineral residue after
ashing. Similar increases in ash content due to weevil infestation have been reported by (Yankah et al.,
2020) in stored maize. Crude protein decreased from 7.50 + 0.09% to 5.11 + 1.30%. The reduction could
be due to the utilization of grain protein by the developing larvae and adult weevils. This agrees with the
findings of (Kumar ef al., 2018) who observed a decline in protein content of maize infested by storage
pests. Crude fibre showed a slight increase from 4.80 + 0.06% to 5.30 + 0.11%. This could be as a result
of feeding damage and boring activities which expose more fibrous parts of endosperm and pericarp.
Similar trends were reported by Rajkumar and Selvalasingam (2021). Moisture content also increased
from 6.30+ 0.13% to 7.00 + 0.14%. The metabolic activities of the insects during feeding and respiration
release water, thereby increasing grain moisture. This is consistent with Akhila and Rani (1999) who
reported elevated moisture in pest-infested grain. Carbohydrate content had the highest reduction from
75.10 + 0.85% to 60.90 £ 0.09%. This substantial loss is expected because carbohydrate is the major
energy source metabolized by the weevils during feeding. The results corroborate Hailu Kassegn, (2018),
who reported significant carbohydrate depletion in maize grains after weevil attack.

Table 5; Proximate composition (%) recorded in Maize before and after infestation
Maize Ash content  Crude protein Crude Fibre = Moisture Carbohydrate

Before 1.5+0.11 7.5+0.09 4.8+0.06 6.3+0.13 75.1+£0.85
Infestation
After 2.0+£0.04 5.11+1.36 5.240.11 7.0£0.14 60.9£0.09 Infestation

Mineral Composition (mg/100g) of Maize Before and After Infestation by Sitophilus. zeamais
Infestation by Sitophilus zeamais caused a significant decline in the mineral content of maize grains.
Potassium decreased from 381.30 + 0.05 to 302.50 £ 0.01 (mg/100g) Potassium is highly mobile and is a
major constituent of grain endosperm, which is the preferred feeding site of Sitophilus. zeamais. The loss
may be due to direct consumption and leaching through feeding holes. This agrees with Guerrien and
Caralleto (2018) who reported reduced K in weevil-damaged maize. Calcium reduced from 211.50 &+ 0.07
to 196.70 + 0.02.The decrease could be attributed to utilization of Calcium by the insects for exoskeleton
formation and metabolic processes. Similar reductions in Ca due to storage pest infestation were reported
by Rosentraler and Evers. (2019).Iron content dropped from 29.00+0.04 to 19.00 & 0.09 .This substantial
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loss suggests that Fe is mobilized a nd utilized by the developing larvae. The result is consistent with
(Jamal et al., 2020) who observed lower Fe in pest-infested cereals. Copper declined from 6.00 = 0.01 to
4.10 = 0.02, while Zinc decreased from 14.60 = 0.05 to 12.10 £ 0.04. Cu and Zn are essential
micronutrients involved in enzymatic activities. Their reduction may be due to sequestration by the
insects and loss of grain tissues during feeding. This trend aligns with the findings of (Singh et al., 2018)
in maize infested by storage beetles. The depletion of macro and micro minerals indicates a reduction in
the nutritional and dietary value of maize after S. zeamais attack. The increased insect metabolic activity
and physical damage to the grain contribute to these losses. This underscores the need for effective
control measures such as neem-based botani cals to preserve both the quantity and nutritional quality of
stored maize.

Table 6; Mineral composition (mg/100g) recorded in Maize before and after infestation

Maize Potassium Calcium Iron Copper Zinc

Before infestation ~ 381.3+0.05 211.5+£0.07 29.0+0.04 6.0£0.001
14.6+0.005 After 302.5+0.01 196.7+0.02 19.0+0.09 4.1+0.002
12.1+0.004 infestation

CONCLUSION

All parts of neem exhibited insecticidal activity against S. zeamais, with leaf extract being the most
effective. Infestation caused significant losses in protein, carbohydrate and essential minerals of maize.
Application of neem seed extract at 50g/ml is recommended for the protection of stored maize to preserve
both yield and nutritional quality. Phlobatannins have been associated with antimicrobial activity which
can reduce secondary fungal infection in stored grains. The presence of alkaloids, terpenoids,
triterpenoids, flavonoids, phenols and tannins in neem leaf, seed and bark supports their traditional use as
grain protectants. The proximate composition of maize revealed Sitophilus zeamais infestation led to
nutritional deterioration maize, with losses in protein and carbohydrate, and increased in ash, fibre and
moisture. This indicates a reduction in grain quality and food value. Also, the mineral composition
showed depletion of macro and micro minerals indicates a reduction in the nutritional and dietary value of
maize after S. zeamais _ attack. The increased insect metabolic activity and physical damage to the grain
contribute to these losses. This underscores the need for effective control measures such as neem-based
botanicals to preserve both the quantity and nutritional quality of stored maize.
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